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Abstrac  t 


Baaed  on  testing  results  of  aerodynamic  forces  and 
pressures  from  a  wind  tunnel,  the  longitudinal  aerodynamics 
characteristics  of  a  forward  swept  wing  are  discussed  in 
this  papers  The  results  are  also  compared  with  the  data  of 
an  associated  aft  swept  wing.  Measures  of  Improving  the 
inboard  flowfield  of  a  forward  swept  wing  are  also 
investigated,  and  the  results  are  discussed.  Under  a  low 
speed  situation,  an  appropriate  sweptback  of  the  root 
section  can  improve  the  flow  characteristics  at  that  place 
for  a  forward  swept  wing,  consequently  obtaining  higher 
aerodynamic  performances.-  In  addition,  if  canards  are  also 
installed  which  can  further  improved  the  inboard  flowfield 
and  obtains  a  higher  lift-drag  ratio.  For  instance,  when 
Cy  =0.5,  the  lift-drag  ratio  of  the  swept  forward  wing 
wlfiich  has  canards  and  an  appropriate  sweptback  at  its  root 
section  (fairing)  is  24%  higher  than  that  of  the  strake  aft 
swept  wing  with  canard  conf  iguration  (both  conf  iguratiions 
have  the  same  lifting  area).  .u -r  ■  ,,fi.  .  / ,  >  '•  p 

In  a  transonic  regime,  the  forward  swept  wing 
possesses  less  zero- lift  drag  and  lift  induced  drag  than 
the  aft  swept  wing.  When  Ma=l.l,<i=  6®,  the  lift  induced 
drag  of  the  forward  swept  wing  is  12.5%  less  than  that  of 
aft  swept  wing.  The  measures  of  improving  the  inboard 
flowfield  in  a  low  speed  situation  can  still  be  applied  at 
this  regime.  The  forward  swept  wing  with  an  appropriate 
aft  swept  inboard  (fairing)  accompanied  by  canards  can  also 
provide  more  improvement  to  the  high  speod  characteristics. 
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I  .  Preface 


As  early  as  the  mid  40’s,  an  airplane  with  15**  forward  swept 
wings  had  been  made  < JU-287) .  However,  the  aeroelastic  divergence 
problem  stopped  its  further  development.  Until  the  mid  70*s, 
technology  breakthrough  in  the  areas  of  both  composite  material  and 
auto-control  systems  provided  the  means  of  solving  the  aeroelastic 
divergence  problem,  thus  the  forward  swept  wing  concept  could  be 
widely  applied.  Therefore,  its  aerodynamic  characteristics 
necessitates  for  further  studies. 

In  order  to  understand  the  basic  aerodynamic  characteristics  of 
a  forward  swept  wing,  low  speed  experiments  for  both  forward  and 
aft  swept  flat  plate  wings  were  conducted;  flow  visualizations  were 
also  taken.  We  observed  that  the  flow  separation  occurs  frequently 
on  the  forward  swept  wing  C2] .  Therefore,  in’  the  following 
studies,  forward  and  aft  swept  wings  which  both  have  the  same 
absolute  swept  angles  at  their  1/4  cord  line  are  used,  and  the 
study  focuses  on  the  perf ormaru  upgrade  for  a  forward  sweD+ 
configuration  by  impi  ''=.ng  its  inb>.^'.rd  flowfield. 

In  order  to  examine  an  •■■'oovnarrii  c  interf  erence  occurring 
between  a  canard  and  the  main  wing  in  '  '--a'  J  confutation,  a 

dual -balance  synchronized  measuring  technique  is  adopted  for  boith 
low  and  high  flow  speed  experiments. 
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All  coefficients  in  this  paper  are  presented  by  taking  the 
basic  wing  area  as  a  reference. 

II.  Model  and  E^iperiment  Equipment 

1 .  Model 

A  model  sketch  is  shown  in  Fig,  1.  Wing  parameters  are;  X= 
3.2,  T|=  S.09,  X,=  40®  for  aft  swept  wing  and  X^=  -22®4S*  for  forward 
swept  wing;  |X^  32®11*  for  both  wing  configurations.  Leading  edge 
flaps  and  stakes  are  installed  on  the  wings;  a  fairing  can  also  be 
added  at  the  root  section  of  the  forward  swept  wing. 

The  fuselage  of  the  model  has  two  sections,  and  they  are 
connected  by  a  strain  balance.  The  front  section  can  have  canards 
installed.  This  arrangement  can  allow  us  to  measure  aerodynamic 
forces  between  the  front  section  of  the  fuselage  and  the  canards 
while  a  main  balance  measures  aerodynamic  forces  for  the  entire 
model  . 


The  high  speed  model  is  similar  to  the  low  speed  one;  the 
parameters  of  model  attachments  are  given  in  Table  1.  The 
cross-section  at  the  location  of  pressure  measurement  is  also  shown 
i  1-1  Fig.  1  . 

The  airfoil  used  in  experiments  is  NACA65  -0045.  The 

A 

longitudinal  c ross-sec tion  of  the  strake  is  wedge-shaped. 
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(2)tt)iiita 


(6)»<«a 


0^1 


Fig.  1  Sketch  of  model 

Key;  <1)  Strain  balance;  <2>  Low  speed  model; 
Cross-section  of  pressure  measurement  location 
Strake;  <5)  Fairing;  <6)  High  speed  model. 


Table  1  Geometric  parameters  of  model  attachmentf: 


4  (1)  «  a 


(2)  «I«H 


(3)  nmn 


Key:  f.  1)  Model;  (2?  aft  swept  wing;  <3>  forward  swept 
wing;  <4)  Swept  angle  of  large  leading  edge;  (S'.) 

Swept  angle  of  small  leading  edge;  <■&>  Swept  angle  of 
large  training  edge;  CT?  Swept  angle  of  small 
training  edge. 


2,  Exper ifi'ient  Equipment 


Low  speed  experiments  are  conducted  in  an  open  type,  circular 
flow  wind  tunnel  whose  test  section  is  1.5m  in  diameter,  wind  speed 
30  m/s,  estperiment  Reynold's  number  Re  =  0.51  x  ...  and  whose  the 


:• 
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characteristic  length  is  based  on  the  average  aerodynamic  chord. 

The  test  section  dimension  of  the  transonic  wind  tunnel  is 

0.52x0.64  m.  On  the  four  aides  of  the  tunnel  wall,  there  are 

plates  with  throttle  controlled  oblique  holes  and  single  point 

supported  semi -f lexible  nozzles.  Experiment  Mach  number,  Ma  is  in 

the  range  of  0.4  and  l.S,  the  Reynold's  number,  Re  =  O.SIt  “ 
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1.74x10  whose  characteristic  length  is  based  on  the  average 
aerodynamic  chord. 

For  the  low  speed  experiment,  the  aerodynamic  forces  of  the 
entire  model  are  measured  by  using  a  platform  type  mechanical 
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balance  while  the  loading  on  the  canards  is  mieasured  by  a  strain 
balance.  For  the  high  speed  experiment,  two  strain  balances  are 
used  to  measure  the  aerodynamic  forces  of  the  entire  model  and  the 
canards,  respectively.  An  additional,  small  loading  strain  balance 
is  also  used  to  check  the  aerodynamic  measurements  for  the  entire 
model  in  the  case  of  a  small  angle  of  attack  (lOii  4®',). 


Pressure  measurements  are  conducted  by  using  sensors  and  scan 
valves.  Measurements  can  be  recorded  and  processed  automatically 
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through  the  wind  tunnel  checking  system. 


III.  Low  Speed  Aerodynamic  Characteristics  of  a  Forward  Swept 
Wing 

1.  Aerodynamic  characteristics  of  a  forward  swept  wing 

Since  the  spanwise  flow  dlri^ction  and  the  leading  edge  vortex 
flow  direction  of  a  forward  swept  wing  are  opposite  to  those  of  an 
aft  swept  wing,  flow  separation  occurs  at  the  inboard  section  near 
the  leading  edge  of  a  forward  wing  first  12]  .  Consequently,  this 
phenomenon  affects  the  aerodynamics  loading  distribution  on  the 
wing  surface.  Fig.  2  shows  typical  pressure  distribution  at 
inboard  and  outboard  sections  of  a  forward  swept  wing.  At  a  low 
angle  of  attack  (ai  4®),  a  relatively  large  suction  peak  occurs  at 
the  inboard  section  near  the  leading  edge;  the  pressure  gradient  is 
also  large  behind  the  peak.  Furthermore,  the  flow  travelling 
distance  in  this  reversed  pressure  area  is  rather  long,  and 
consequently,  flow  separation  occurs  quite  easily.  This  explains 
why  flow  separation  appears  first  at  tne  inboard  sect-ion  for  a 
forward  swept  wing.  When  S®  ,  .the  suction  peak  near  the  leading 
edge  disappears.  As  the  angle  of  attack  increases  ,  the  suction  at 
the  front  is  gradually  reduced  while  it  is  increased  at  the  rear, 
and  levels  off  the  chordwlse  pressure  distribution.  This  indicates 
that  the  inboard  flow  of  a  forward  swept  wing  bcisically  is  a 
separated  flow  at  a  high  angle  of  attack;  however,  the  low  pressure 
region  near  the  leading  edge  at  yhe  outboard  can  hold  up  to  a 
higher  angle  of  attack.  This  is  because  leading  edge  vortices  are 
generated  from  the  wing  tip  for  a  forward  swept  wing,  and  their 


dimensions  are  small  and  thus  do  not  affect  the  leading  edge  main 
stream  at  a  middle  angle  of  attack;  consequently,  a  relativv^ly 
large  leading  edge  low  pressure  zone  and  peak  are  maintained.  As 
the  angle  of  attack  increases,  the  swept  angle  of  the  vortex  axis 
increases.  Consequently,  the  afterward  vortices  induce  a  low 
pressure  region  on  the  wing  surface.  The  leading  edge  swept  angle 
of  this  particular  forward  swept  wing  is  not  large  enough,  the 
created  leading  edge  vortices  are  not  strong  enough,  and  breakup 
occurs  early.  This  results  not  only  in  reducing  the  vortex  lift, 
but  also  in  decreasing  the  suction  peak  near  the  leading  edge  and 
aggravates  the  flow  separation  near  the  leading  edge  at  the  inboard 
section . 


Fig.  2  Typical  surface  pressure  distribution  on 
cross-sections  of  a  forward  swept  wing. 

Key:  (1)  Cross-section  II;  (.2)  Cross-section  IV. 

Effects  of  the  flow  features  stated  above  on  aercidynami c  forces 
are  shown  in  Fig.  3.  When  the  angle  of  attack  is  small,  the 
lift-drag  ratio  of  a  forward  swept  wing  is  a  bit  larger  tHian  that 
of  an  aft  swept  wing.  On  the  contrary,  as  the  angle  of  attack 
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increases,  the  flow  separation  region  at  the  inboard  expands;  thus 
the  lift-drag  ratio  of  a  forward  swept  wing  is  smaller  than  that  of 
an  aft  swept  wing.  Therefore,  it  is  essential  to  find  a  means  to 
slow  down  the  flow  separation  which  occurs  at  the  inboard  section 
of  a  forward  swept  wing. 


Fig.  3  Lift-drag  characteristics  for  a  wing-fuselage 
assembled  body. 

Key:  Cl)  Forward  swept  wing;  (2)  Aft  swept  wing. 

2.  Iiiiprovement  of  inboard  flow  for  a  forward  swept  wing  and 
Performance  increasing 

From  the  discussion  above,  we  realize  that  the  flowfield  at  the 
inboard  section  of  a  forward  swept  wing  can  be  improved  by 
increasing  the  kinematic  energy  inside  the  flow  boundary  layer  or 
pushing  the  leading  edge  vortices  forward. 

a.  Inboard  strake;  Installing  strakes  at  the  inboard  section 
for  a  forward  swept  wing  to  control  its  flowfield  can  noticeably 
improve  the  lift-drag  characteristics  (for  a  high  angle  of 
attack).  Unpder  a  mid  or  high  angle  of  attack,  the  strength  of 
st.'E-ike  vortices  is  large,  anid  the  nonlinear  lifting  vortices  can 
.i.nip,'.Dve  the  lift-arag  ratio  (dramatically.  However,  the  angle 
'"(‘■■'■■ween  the  axis  (of  strake  vortex,  and  the  flow  idirectiO'n  of  the 


leading  edge  vortex  is  quite  large,  and  thus  both  flows  block  each 
other  which  limits  the  development  of  the  vortices.  Therefore, 
although  strake  vortices  can  improve  the  inboard  flowfield,  their 
efficacies  can  not  be  fully  utilized. 

b.  Leading  edge  flap;  The  leading  edge  vortices  of  a  forward 
swept  wing  are  developed  from  its  wing  tips.  The  development  of 
these  leading  edge  vortices  can  be  deferred  by  lowering  the  leading 
flaps  at  ihi  tsutiwr  wing  section,  thus,  reduc  ing  their  effects  on 
the  inboard  flow,  and  consequently ,  improving  the  inboard 
flowfield.  As  shown  in  Fig.  4,  a  leading  edge  flap  can  increase 
the  lift-drag  ratio  at  a  high  angle  of  attack  situation.  However, 
under  a  higher  angle  of  attack,  separated  vortices  could  possibly 
develope  from  its  leading  edge  or  even  from  its  hinge  line. 
Therefore,  what  shape  is  the  best  for  a  leading  edge  flap  requires 
further  studies. 


F  i  g  .  4  V  5i  r  i  i::i  u  s  m  e  a  n  s  o  f  i  m  p  r v  j.  n  g  1,  :i.  f  t  -  id  r  a  g  ■,  -  i- 1.  i,:;i . 

Key:  (.i)  Forward  swept  wing;  Forward  swept  wing  plus  a 

leading  edge  flap;  (S;)  Forward  swept  wing  plus  leading 
edge  strakes;  ('.4)  Forward  swept  wing  pilus  a  fairing. 


c.  Inboard  fairing:  Acting  a  swept  backward  fairing  at  the 


intoard  section  for  a  forward  swept  wing  is  to  duplicate  the 
inboard  flow  characteristics  of  an  aft  swept  wing,  thus  improving 
the  performance  of  a  forward  swept  wing. 

Figure  5  presents  the  pressure  distributions  at  three  inboard 
cross-sections  of  a  forward  swept  wing  after  an  inboard  fairing  is 
installed.  The  figure  shows  that  the  leading  edge  low  pressure 
zone  as  well  as  the  peak  are  recovered  after  an  inboard  fairing  is 
added,  especially  at  the  two  most  inboard  cross-sections.  This  can 
undoubtedly  improve  the  lift-drag  characteristic.  Its  lift-drag 
characteristic  is  shown  in  Fig.  4.  Although  its  improvement  at  a 
high  angle  of  attack  is  little  less  than  a  strake,  the  improvement 
is  better  .under  a  mid  angle  of  attack  situation. 


' 


Fig.  5  Pressure  distribution  of  a  fairing.  (a=  8®). 
Key:  <1)  Original  forward  swept  wing;  Fairing. 
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3.  Aerodynamic  characteristics  of  a  canard  configuration 

The  interference  between  the  downwash  flow  and  the  vortes  of  a 
canard  can  defer  the  inboard  flow  separation  for  a  forward  swept 
wing  or  a  forward  swept  wing  with  a  fairing.  The  pressure 
distribution  on  the  wing  surface  will  also  be  changed.  Fig.  S 
shows  that  the  canard  decreases  the  lift  at  two  inboard 
cross-sections;  however,  the  leading  edge  low  pressure  zone  and  its 
peak  are  recovered.  These  changes  not  only  make  up  for  the  partial 
lift  loss,  but  also  reduce  the  drag.  Moreover,  the  lift  at  the 
outer  wing  section  is  noticeably  increased.  On  the  contrary, 
effects  of  a  canard  on  an  aft  swept  wing  not  only  lose  a  larger 
lift,  but  also  decrease  the  leading  edge  suction  peak.  Its  lift 
improvement  on  outer  wing  section  is  also  marginal.  Consequently, 
this  configuration  of  an  aft  swept  wing  could  not  only  lose  Ilf 
considerably,  but  also  increase  drag.  % 


Key:  li;)  Aft  swept  wing;  (.2)  Fairing;  (3)  Without 


t:  anard  ;  <.  41  W  i  th  canard  . 
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lifting  surface  areas  are  equal),  the  lift-drag  characteristic  of  a 
forward  swept  wing  with  a  fairing  is  the  best  when  a S  17®  <Cy  < 
i  .05) .  Under  the  same  lift  coefficient,  the  comparisons  of  drag 
reduction  and  lift-drag  improvement  are  listed  in  Table  2. 

In  consequence  of  the  improvement  of  the  inboard  flowfield  for 
a  forward  swept  wing  with  a  fairing,  the  linearity  of  the  pitching 
moment  curve  of  a  canard  configuration  is  even  better;  however,  its 
focus  moves  forward. 


Table  2  Comparison  of  aerodynamic  characteristics  of  a 
canard  conf iguration  for  an  aft  swept  wing  with  strake 
and  a  forward  swept  wing  with  a  fairing. 


1  •.! 

•.4 

0.1 

O.T 

1.0 

l.l 

1.0 

U.i* 

l*.f# 

u.t* 

It.t# 

ll.O* 

tl.l* 

II* 

l.l* 

IT# 

M# 

14# 

It* 

II* 

II* 

II* 

4* 

Key.;  Cl)  Drag  reduction;  (2)  Lift-drag  ratio  improvement 

IV.  High  Speed  Aerodynamic  Characteristics  of  a  l"orward  Swept 
Wing 


1.  Aerodynamic  characteristics  of  st  forward  swept  wing 

The  varying  trends  of  aerodynamic  forces  versus  Ma  for  both 
forward,  swept  and  aft  swept  wings  are  similar. 

a.  Lift  characteristics:  In  the  subsonic  range,  Cy  increases 

with  Ma  as  shown  in  Fig.  8.  Under  the  testing  Mach  number  and 

a 

forward  swept  angle  range,  all  Cy  values  of  the  forward  swept  wing 


are  less  than  that  of  the  aft  swept  wing;  however,  the  variat:i.on 


amplitude  of  Cy  versus  Ma  for  the  forward  swept  wing  is  smaller 


Fig.  8  High-speed  characteristics  cf  a  forward 
swept  wing. 


b.  Drag  charac ter Istica  <Fig,  9>  ;  The  varying  trend  of  the 
zero  lift  drag  coefficient,  CXq  versus  Ma  is  basically  similar  to 
that  of  an  aft  swept  wing  IFig.  8).  From  the  pressure  distributi 
shown  in  Fig.  10,  despite  the  fact  that  the  increment  is  small,  a 
sudden  increase  of  pressure  at  the  dashllne  on  the  forward  swept 
wing  surfatce  Indicates  the  existence  of  a  shock  wave  which  result 
in  the  sudden  increase  of  .  When  Ha  =  i.i,  Cx^reaches  its 
maximum,  and  a  bow  shock  is  developed  at  this  moment. 


Fig.  9  Drag  charactaristics  of  a  forward 
swapt  wing. 


Fig.  10  High  speed  pressure  distributions  of  a 
forward  and  an  aft  swept  wings 

Key:  (1)  Aft  swept  wing;  <2)  Forward  swept  wing 


From  the  pressure  distribution  of  theoi=  0®  case  (Fig.  10),  the 
low  pressure  zone  is  close  to  the  leading  edge  and  its  amplitude  is 
large  for  a  forward  swept  wing.  Because  the  maxi  mum  thickness  of 


the  airfoil  ia  located  at  3S%  of  the  chord,  such  a  pressure 
distribution  characteristic  makes  Cx^of  a  forward  swept  wing 
smaller  than  an  aft  swept  wing.  In  supersonic  regime,  a  bow  shock 
appears  in  front  of  the  leading  edge,  and  also  because  the  strength 
of  the  bow  shock  is  related  to  the  leading  edge  swept  angle, 
therefore,  Cx^of  this  testing  forward  swept  wing  is  larger  than 
that  of  the  aft  swept  wing. 

The  airfoil  model  used  in  this  experiment  is  symmetrical,  when 
the  angle  of  attack  a  =  0",  Cy  =  0  thus  Cx  =  Cxq  .  When  n  #  O'*,  the 
wing  generates  lift  as  well  as  induced  drag  Cx^  (including 
lift-induced  wave  drag  at  high  speed).  The  induced  drag 
(general iared  induced  drag)  can  be  written  as; 

C,  j  “C#  "*C»,  ■•AC, 

where  vaiues  of  Cxq  and  Cx  are  obtained  from  experiments.  The  drag 
increment  ftCx  thus  can  be  calculated. 


Table  3  Induced-drag  coefficients  which  are  induced  by 
unit  lift  coefficients  of  forward,  aft  swept  wings 
(•increases  from  0®  to  S®) 


II  AC, 

AC, 

AC,/AC, 

)««« 

0.041 

0,4 

O.IOO 

)JP«R 

0.049 

j  '•.4T 

0.104 

<2 

)««« 

0.040 

0.44 

O.ltl 

0.004 

0,00 

O.ltO  ' 

'■IS 

)««« 

0.041 

0.41 

O.IOT 

)«ikii 

0.004 

0.40 

O.Ul 

Key ;  ( 1 )  Type  of  wing;  (2)  Forward  swept  wing;  (3)  Aft 
swept  wing. 


Table  3  shows  that  when  Ma  =  0.9,  the  drag  coefficient 
increments  which  are  induced  by  the  unit  lift  coefficients  of  the 
forward  swept  and  the  aft  swept  wings  are  equivalent.  However, 
when  Ma  =  1.1  and  1.2,  the  drag  coefficient  induced  by  the  unit 
lift  coefficient  of  the  forward  swept  wing  is  larger  than  that  by 
the  aft  swept  wing.  It  is  reduced  by  12.5%  at  Ma  =  1.1. 

Figure  10  indicates  that  the  low  pressure  zone  near  the  leading 
edge  of  the  aft  swept  wing  suffers  damage,  thus  suction  near  the 
leading  edge  at  the  middle  of  the  span  is  smaller  than  that  of  the 
trailing  section.  This  also  indicates  that  strength  of  the  shock 
at  this  location  is  larger.  For  the  case  of  a  forward  swept  wing, 
shock  waves  also  appear  at  the  same  location,  however,  they  are 
dispersea',  and  the  suction  near  the  leading  edge  is  still  larger 
than  that  at  the  trailing  section.  Consequently,  the  transonic 
induced  drag  of  a  forward  swept  wing  is  smaller. 

The  ma:«;  imurn  lift  'drag  ratio,  Kmax  is  shown  in  Fig.  8. 

2.  Improivement  of  high  speed  aerodynamic  characteristic  for 
a  forward  swept  wing 

a.  Effects  of  leading  and  trailing  edge  swept  angles 

(1>  Leading  edge  swept  angle:  Under  unchanging  conditions  of 
the  trailing  edge  swept  angle,  the  aspect  ratio  as  well  as  the 
total  wing  arei-s,  Cy' decreases  when  the  leading  edge  angle 
increases;  Ciii^can  also  decrease  especially  beyond  the  transonic 
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regime.  For  instance,  when  Ma  =  1 ,  Cx.of  -39044*  is  0.002 
smaller  than  that  of  X=  -8*55*;  when  Ma  =  1.2,  it  is  0.006 
smal ler . 

The  ma>:imum  lift-drag  ratio,  Kmax ,  decreases  as  the  leading 
edge  swept  angle  increases  in  subsonic;  however,  the  variation  is 
small  in  supersonic. 

(2)  Trailing  edge  swept  angle:  Under  unchanging  conditions  of 

the  leading  edge  swept  angle,' the  aspect  ratio  as  well  as  the  total 

a 

wing  area,  Cy  decreases  when  the  trailing  edge  angle  increases;  Cicq 
also  decreases  as  shown  in  Fig.  11. 

Under  unchanging  conditions  of  the  aspect  ratio  as  well  as  the 
total  wifig  area,  increasing  the  trailing  edge  forward  swept  angle 
retiBults  in  the  increasing  of  the  root- tip  ratio,  the  wing  area 
blocked  by  the  fuselage  increases,  the  wing  area  immersed  in 
ai  r  f  i  Liv,'  decreases,  thus  reducing  its  friction  drag.  Beyond  the 
transonic,  inc reai: ing  the  trailing  edge  forward  swept  angle  results 
in  increasi'ng  the  swept  anglo  ■„  t  the  maximum  +>>icknaBS  line,  thus 
the  swept  a  n  g  J  e  oj  f  s  ki  o  c  k  waves  on  the  w  i.  ri  g  s  u  v'  f  ace  i  n  c  r  a  s  e  s  ,  i,.  !''i  e 
shock  strength  decreases,  consequently,  reducing  the  v,iave  drag. 

Although  the  drag  of  a  large  trailing  edge  forward  swept  angle 

a 

is  smaller,  Cy  is  small,  and  therefore,  the  lift-drag  ratio  is 


smal  1  . 


Fig.  11  Effdcis  of  trailing  edge  forward  swept  angle 
on  the  performance  of  forward  swept  wing. 

b.  Effect  of  inboard  strake  <'.Fig.  12) 

a 

Both  Cy  and  Ciuq  of  a  forward  swept  wing  with  strakes  are  larger 
than  that  of  a  forward  swept  wing  without  a  strake.  However,  the 
ri'ia;t:  imum  lift-drag  ratio  in  transonic  is  smaller  1  in  the  range  of  a 
sriial'i  angle  of  attack);  this  is  consistent  with  results  of  the  low 
speed  case.  Only  when  Ma  >  O.S,  Krnax  of  the  former  is  then  larger 


than  the  lai'er. 


c.  Effect,  of  inboard  fairings 


Figure  12  shows  that  effects  of  fairings  are  remarkable.  From 
the  pressure  distribution  on  the  fairing  wing  surface  (Fig.  13), 
the  fairing  add  additional  loading  at  front  parts  of  the  first  two 
inboard  cross-sections  («=  0“),  its  resultant  force  location 
corresponds  to  that  of  a  forward  swept  wing,  and  therefore,  effect 
on  the  drag  is  small.  However,  the  low  pressure  zone  (as  well  as 
its  amplitude)  near  the  leading  edge  at  outer  cross-sections  shows 
larger  increments,  consequently ,  reducing  Cm^of  the  fairing  wing. 
Ulhena=:  4**,  besides  of  the  additional  loading  because  of  the 

fairing,  it  also  increases  the  loading  at  the  original  leading 

a 

edge,  thus  increasing  Cy. 

3.  Aerodynamic  characteristics  of  a  canard  configuration 

Figure  14  presents  the  characteristics  of  canard  conf igurationa 

ot, 

for  three  different  main  wings,  of  which  the  values  of  both  Cy  and 
Kma:«:  Include  the  contr  ibutions  from  canards.  Compared  with  Fig.  8, 
the  canard  configuration  makes  Cy  increase  for  both  a  forward  arid 
.•m  aft  swept  wing.  It  increases  0.009  ~  O.OIS  for  the  forward 
swi.;pt.  wj.i'ii,;  whilo  increasing  around  CU5.9  for  the  aft  swept  wing,, 

In  addition,  the  rii,H,;«;irrium  iricrement  occurs  when  ha  >  1  for  the 
forward  swept  wing  with  a  canard  configuration,  which  indicates 
that  a  forward  swept  wing  with  c,viri;-;i'''d  configuration  can  gain  the 
most  benefit  in  the  transom  i  c  regime.  i-or  a  vair;i.ng  wing  with 
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canard  configuration  whose  Cy  is  0.001  ~  0.002  higher  than  a 
forward  swept  wing  with  canard  configuration,  and  0.006  0.12 

higher  than  a  fairing  wing  without  a  canard 


Fig.  14  Aerodynamic  characteristic  of  canard  configuration 
Key".  <  1 1  Forward  swept  wing;  <:2)  Aft  swept  wing;  Ci)  Fairing 
wing . 

Figure  15  shows  the  effect  of  a  canard  on  the  pressure 
distr itaution  of  the  main  wing.  When  a  canard  exists,  the  pressure 
variation  at  the  root  section  of  a  forward  swept  wing  is  small.,  an 
the  suction  peak  near  the  leading  edge  at  outer  wing  section 
increases.  For  an  aft  swept  wing,  the  suction  peak  near  the 
leading  edge  decreases  over  the  entire  wing.  Although  the  loading 
increment  at  the  trailing  section  can  make  up  this  loss,  overall 


drag  increases.  For  a  fairing  wing,  since  its  inboard  section  is 
sweptback  and  closes  to  the  canard,  therefore,  it  is  strongly 
influenced  by  the  canard,  and  consequently,  the  suction  peak  near 
the  leading  edge  in  this  area  increases  which  makes  up  the  loss  at 
the  root  section. 


Fig.  IS  Effect  of  canard  on  pressure  distribution  of 
a  main  wing  ilia  s  0.35,  «=  4®> 

Key:  (I)  Aft  swept  wing;  <2)  Forward  swept  wing;  (3)  With 
canard;  (4)  Without  canard;  CS)  Fairing  wing. 


.ift  of  Canard  Under  Main  Wing  Influence 


Figure  16  shows  the  lift  coefficient  curves  under  the  effects 
of  different  main  wings.  It  clearly  illustrates  the  difference  of 
each  main  wing  interference  on  the  lift  of  the  canard.  The  fairing 
wing  is  the  best,  the  forward  swept  wing  is  ne:i:t,  and  the  aft.  swept 
wing  is  the  worst. 


mmpjm 


Fig.  16  Lift  of  canard  under  different  main  wing  influence. 
Key:  <1)  Forward  swept  wing;  (2)  Aft  swept  wing;  Ol  Fairing 
wing , 


VI.  Conclusion 


1. ’‘A  forward  swept  wing  possesses  leas  drag,  especial  the  high 
speed  induced  drag. 

2.  Under  a  small  angle  of  attack,  the  lift-drag  characteristic 
of  a  forward  swept  wing  is  good.  At  a  higher  angle  of  attack,  the 
early  flow  separation  occurring  at  the  inboard  section  limits  the 
improvement  of  a  forward  swept  wing  performance.  This  explains  the 
importance  of  inboard  flow  improvement  for  a  forward  swept  wing. 


3.  Adding  a  fairing  at  the  inboard  section  is  an  effective  way 
to  improve  the  flowfield  at  the  wing  root  which  can  increase  the 
entire, lift-drag  ratio. 


4.  Adopting  the  canard  configuration  can  create  better 
interference  effects  for  a  forward  swept  wing  than  for  an  aft  swept 
wing.  It  is  even  better  for  a  fairing  wing. 

The  authors  appreciate  the  instructions  and  help  provided  by 
Prof.  Lo  Shijun,  Qin  Pizhao,  Chen  Inxue,  and  Fan  Jichuan,  etc.. 
Thanks  are  also  due  to  Mr.  Zhang  Lizhuang  for  his  participation  of 
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